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ULTRAVIOLET ABSORPTION SPECTRA OF AROMATIC AMINES
IN ISOOCTANE AND IN WATER
By Adelbert O. Tischler and J. Nelscn Howard

SUMMARY

A study of the ultraviolet absorption spectra 1n the 3200 A to
2500 A region of 27 aromatlc amines ln lscoctane and in water solu-
tions 18 presented. A brief discusslon of the relutiun between the
molecular gtructure of the amines and their absorption spectra is
Included.

Certain factors that affect the absorption spectra of arcmatic
amines were experimentally investigated. Tho spectra were found to
be different for the two different solvents. In agueous aramatic
amine solutions the pH was found to be an important factor; the addl-
tion of acid to a noutral water sclution shiftoed the absorption
spectrum of the umline towurd the spectrum of the baslic aromatic
gstructure of the amine. Irradlation of arcmatic amine sclutions
with ultraviolet llight caused changes in the absorytlon spectra;
water solutions of the amines were more rapldly affected than iso-
octane solutions.

INTRODUCTION

Ultraviolet absorption spectrometry provides a sensltive tool
that can be applied to the analysis for aromatic amines in solution
(reference 1). For a particular amine, a plot of intensity of light
absorption against wavelength gives a ourve, or spectrum, character-
istic of the amine in the solvent used. Because such plots can aid .
in the identification of an unknown material and are used in quan-
titative spectrophotcmetric analysis, it is desirable to have avail-
able a catalog of carefully determined absorption spectra of pure
aromatlc amines in appropriate solvents. Absorption spectra for
some simple aramatic amines have been publlshed in references 2 to 5
but these data wore obtained with various types of equipment and
often with different solvents; as a result a comparison of absorp-
tion spectra of different aromatic amines in the same solvent 1s
difficult to maks.
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In connection with the development of fuel additives for the
Avmy Air Fcrces, the Cleveland laboratory of the NACA determined
absorption spectra from 3200 A to 2500 A4 wavelengths for 27 monoaryl
amines both {n isococtane and water. The data wore obtalned with a
photoelectric spectrophotameter. A study was made of some factors
that might affect the spectra and a correlation was attemnted between
gpectra and molecular atructure.

INSTRUMENTS AND MATERIALS

Instruments

The ahgeorption data were obtained wlth a photoelectric spectro-
phetometer having quartz-prism optics end l-centimeter matched quartz
absorption cells. The deslgn features and the performence character-
istics of the spectrophotometer are described in reference 6. Ultra-
viclet 1light was sunplied by a hydrogen discharge lamp. The extinc-
tlong of the sclutlions measured at each selected wavelength were read
dlrectly fram a calibrated dial on the Instrument. The extinction
is defined as 1he ns:aative logerithm of the ratio of light transmitted
through e cell that contains the absorbing solution to the light
transmltted through e matched c¢ell that contains only the solvent.

With this Instrument, the measursd extinctions for an aromatic
amine in hydrocarbon sclutions were found to be proportional to the
concentrationy of the amine for extinctlion values up to 1.0. Valldity
of the Beer-Lambert relation for extinction values less than 1.0 was
assumned for water solutions of aromatic emines. The precision of
the spectropunovtometer as evaluated In reforence 1 showed that the
absorpticn spectra of the arometic amines could be reproduced within
1/2 percent.

Aromatic Amines and Sclutions
The 27 aromatic emines were prepared by the Organic Synthesis

Laboratory of the Fuels and Lubricants Division and are belileved to
be better than 95 percant pure. They ars as follows:

Aniline o-Toluldine N-Ethyl-p-toluidine
N-Methylaniline m-Toluidino N-Iscpropyl-p-toluidine
N -Ethylaniline p-Toluidine 2,4-Xylldine

K. Prcpylaniline o-Ethylen!line 2,5-Xylidine
N-Isopronylanlline p-Ethylaniline 2,6-Xylidine
N-Butylaniline o-Isopropylaniline ZXylidines (technical)

N-tert-Butylaniline  p-Isopropylaniline N-Methyl-z,4-xylidine
N,N-Dimethylaniline p-tert-Butylaniline 2,4-Diethylanlline
N,N-Diethylaniline N-Methyl-n-toluldine Mesidine

The physical propertles are listed in table 1.
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The 1sooctane used as a solvent was Rohm and Haas pure isooctane
(2,2,4-trimethylpentane). The measured isococtane solutlons were
prepared by a double-dilution procedure in--order to conserve the sol-
vent. About 0.3 gram of the aramatic emine was dissolved in ebout
35 grams of 1sooctane, both quantities belng acourately welghed. .
About 0.25 gram of thls solution was weighed and then diluted to
50 milliliters with imococtans.

The distllled water had a pH between 5.6 and 5.9, as measured
with a commercial pH meter. For the water solutlions, about 0.1 gram
of the aramatic amine was weighed and diluted to 2 liters with dis-
t1lled water. When the surface tension of the amine made direct
solution in water diffioult, as was the case for several of the more
camplex amines, the amine was dissolved with a measured quantity of
hydrochloric acld, neutralized with a predetermined titer of sodium
hydroxide, and fina.lly diluted to the desired concentration with
water.

The final concentrations of aramatic amine 1n the solutions were
approximately 0.05 gram per liter for both solvents. The solutions
were prepared in subdued light and, when necessary, stored temporarily
in a dark room. The temperature of the solutions was approxi-
mately 25° C. The effect of variasble temperature on the extinctions
of the emline solution was not investigated.

PROCEDURE FOR OBTAINING ABSORPTION SPECTRA

The extinctions of known concentrations of aromatic amines Iin
isooctane and in water were measured spectrophotometrically at about
16 wavelengths ) between 3200 A and 2500 A. For the measurements
of the lsooctane solutions, spectrophotometer slit widths of
0.5 millimeter were used for wavelengths less than 2700 A and
0.3 millimeter for longor wavelengths. The narrower slit wildths
were used 1n order to resolve better any band structure in the
absorption pattern. Except for the patterns that show resolved
fine structure, the width of the slits was found to have little
effect on the extinctions measured.

From the measured extinctions, corrected for unequal light

transmission of the windows of the cells, the specific extincticcns
were calculeted by the equation

E
k=353
where

k specific oxtinction, liters per gram-centimeter
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H2e

measured extinction

(e

Q

concentration of solute, grams per liter of solvent

1 length of cells, centimeters

The averages of the two specific extinctions obtained with two
inderendently prepared solutions were plotted against wavelength to
obtain the absorption spectrum for the amine. The data for an amine
were redetermined when valuss of these specific extinctions failed
to agree within 2 percent at wavelengths near the absorption maximum.
In order to illustrate the method, the experimental data for
o-ethylaniline in isooctane and in water are given in table 2.

FACTORS TEAT AFFECT ABSORPTION SPECTRA

Some of the factors that mey affect the absorption spectra of
arcmetic amines are: (1) naturs of the solvent, (2) purity of the
aromatic amines, and (3) photochemical decomposition of the arcmatic
aines. EFach of these factors and its possible effect on the valid-
ity of the absoruvtion data will he discugsed in the following sections.

Nature of the Solvent

Wonpelar and polar gsolvents. - The absorption spectrum of a
subgtance in solution depends in part on the dipols moments of the
golvent and the solute (reference 7). The absorption spectra of
aromatic amines ars different in the ncnpolar solvent, isooctane and
in the poler solvent, water. Because of the nonpolar character of
hydrocarbons, particularly paraffins and naphthenes, which are suit-
able as solvents, the absorption spectra of an sromatic amine in
different hydrccarbons are probably very similar.

pH of water goluticng. - The influence of the acidity of wator
sclutions on the abscrotion spectra of geven aromatic amines was
studied. The results for anlline, which are typical, are shown in
figures 1 snd Z. The absorption spectra of the sight aniline solu-
tions of vericus pH value shown in figure 1 demonstrate that the
addition of hydrochloric acid to a 0,005 percent aniline solution
radically* changes the absorpbion spectrum. At pHE 3.3, the spsecific
extincticn of aniline &t 2850 A is only about 7 percent of that at
PH 5.8. In S percent hydrochloric acid (curve not shown) absorption
seaks appear in the 2700 A to 23C0 A region that correspond to the
absorpt.on maxima of the basic arcmatic structure of the amine. For
oXample, the peaks of aniline and N-alkylanilincs in aqusous hydro-
chloric ocid correspond to the pezks of benzene and those for acid-
ified toluidincs correspond to tuluene (see refcrences 8 snd 9).

el - —— A R n et e e e A S o L L - e e e —e = o
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Figure 2 shows that increasing the pH from 5.8 to 1C.7 by the addi-
tion of sodium hydroxide resulted in an increase in the gpecific
extinction of aniline of about 4 percent. The equilibrium betwesn
aniline and water in acid and basic agueous solutions has been
investipgated spectrometrically (reference 8); the addition of salt
(NaCl) te the solution had no effect except when sufficient salt

vas added to alter the pvE of the solutions. This result is in
agreement with the findings of reference 9.

Purity of Aromatic Amineg

The purity of each aromatic amine prepared at the Cleveland
laborstory and used in these tests was dependent upon the purity of
the base mabterials, the method required for synthesis, and the 4if-
ficulby of isolating the pure amine from byproducts nreduced during
ite synthesis. The simple amines, such as aniline and H-methyl-
aniline, which were purified ccmmercial products, were probably
better than 99 percent »ure, whereas the purity of aramatic amines
having isomers difficult to gynthesize separately and wath similar
physical and chemical properties, such as the xylidines, was less.
All 27 arcmatic amines were egbimatsd to be better than 95 percent
pure.

The impurities of any wnarticular amine were primarily structur-
ally related isomers; inasmuch as the absorpiicn spectra of most
structurzlly related aromafic amine isomers are similar in many
respects, however, the absorption data for the amines are probably
not greatly in error because of these impuritiss. The absorption
curves for lsomeric aromatic amines reveal that, in many cases, tho
pregence of as much ags 5 percent of an igomeric impurity in an
aromatic amine does not change the magnitude of the gpecific extinc-
tion of the pure amine by as much es 1 percent. The pressnce of
5 percent of o-toluidine in p-~toluidine, however, would increase the
specific exbinction of Eftolﬁidine at 2800 A sbout 3.6 percent.

Fhotochemical Decompogition of Amines

The effect of irradiation with light of isoocctane and water solu-
tiong of aromatic amines was investigated and qualitative results of
gome of the studies are presented in the two following sections.

Isooctane solutiona. -~ Succesgive extinction measurements of
0.005 percent isooctane solutions of thres arometic amines that were
continuously exposed tc ultraviolst light in the spsctrophotometer
showed no serious changes in the sxztinctions between 2900 A and 2700 A
during exposures up to 1 hour.
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In ordsr to determine the efTect of strong vliraviolet light
on the extinction measurements, 1 percent solutions of 5 arcmatic
anines in isocctane were exposed to radiation from a gquartz mercury-
arc lamp. The amines tested were N-methylaniline, N-ethylaniline,
N,ll-dicthyleniline, N-tert-bvtylaniline, and o-tcluidine. The solu-
tions were contained in stoppered quartz cells placed 2 inches from
the lamp. Samples of thege solutions withdrawn at intervals up bto
5 hours excosure shuwed significent changes in the absorption
spectra. The snectra for two of these amines at variocus intervals
of oxposure are ghown in figurs 3.

Similar exposures to light from an ordinary 100-watt incandescent
lame, from which the radiation is primarily in the short infrared and
vigible rogions of the gpsctrum, showsd no significant effect after

5 hours. In this case the solutions were contained in gtoppered test
tubzss placed ebout € inches Trom Tthe lamy,

Water golutions. - The effects of ulbtravioiet light in the
spectrovhotameter on the oxtinctiong of water solutions of 5 arcmatic
amines (aniline, N-ethylaniline, N-isopropylaniline, N,N-dimethyl-
aniline, and W,N-diethylaniline) varied; the amount and type of varia-
tion seemed to depend on the structure of the smine. In gensral, the
extinctions of the arcmatic amine solvtions tended to decreage rapidly
after about 10 minutes exposurs to ultraviolet light of 2850 A wave-
lengbth. Illustrative date for N-isopropylaniline in water are given
in figurz 4. These results indicate that measurements of the extinc-
tiong of aromatic amines in water should be coupleted rapidly and
syabematicglly, proferably within S minutes.

The oxbinctions of water solubions of 5 arcmatic aminss (eniline,
N-igopropylaniline, N,N-diethylaniline, technical xylidines, znd
N-methyl-xylidinea) kept in glass bottles in a well-lighted rocm
increased as much as 2 percent a day. Samples of the same solutions
kept in a dark room showed no significant changes in extinction for
periods up o 2 months.

DISCUSSION OF ABSORPTION SPECTRA

The absorption snectra for the 27 aromatic amines are ghown in
figores 5 to 19. Two sets of curves are plotted for each figure; for
one set isooctane was the solvent and for the other distilled water
was the golvent. The absorption curves are arranged with structurally
related compounds plotbed on a single graph in order to facilitate
comparison.

Tho effect of the solvent ip modifying the nltravieclet-light
absorption is illuatrated by a comparison of the absorption curvos
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of an gromatic amine in isooctane and in water. For each of the
amines the maximum gpecific extinction of the aromatic amine is less
in water than in isooctane and the position of the absorption maxi-
mum shifted roughly 70 A toward shorter wavelengths. (See fig. 5.)
For the more complex aromatic-amine molecules, N,N-diethylaniline
and N-tert-butylaniline, the characteristic absorption band at about
2900 A is suppressed in water (figs. 7 and 13).

Correlation of Molecular Structure and Absorption Spectra

Theoretical considerations of the correlabtion between absorption
gpectra and molecular structure are given in references 10, 11, and

1l2. Only gqualitative aspects obsurved in these tests will be dis-
cussed.

Most of the absorption plots are smooth curves that have absorp-
tion maxima near 2800 A wavelength and absorption minima at about
2700 A. Aniline and some of the p-substituted aromatic amines in
isooctane, however, show some resolved fine structure in the absorp-
tion band in the 2900 A region, as shown in figures 6(a) and 15(a).

The effect of successively replacing the two amino hydrogen
atoms of aniline with alkyl groups is shown in figures 6 and 7. Fig-
ures 8 and. 9 show the effects of methylating the nitrogen for
p-toluidine and 2,4-xylidine.

Absorption spectra for the thrse toluidines end for three of the
gix xylidines are given in figures 10 and 11. Vhen the pesitions of
alkyl substitutions are involved, the absorpbtion spectra of isomers
differ. The absorption meximum for o-toluidine occurs at a shorter
wavelengbh than for m- or p-toluidine and is about 20 percent
greater in megnitude than either of the other two igomers in both
gnlvents. The curves for the xylidines differ less markedly.

The absorntion spectra of N-vwropylsniline and N-isopropylaniline
and of N-butyleniline and N-tert-butylaniline in iscoctane, shown in
figures 12(a) and 13(a), are similar excedt for the magnitudes of the
absorption peaks. The curve for N-verbt-butylaniline in water
(fig. 13(b)) shows suppression of the absorption band at 2900 A.

hromatic amines that can be classified as membsrs of a homologous
series, such as the N-alkylenilir.s series or the N-alkyl-p-toluidines
series, appear to have similar absorption spectra with maxima and
minima at corresponding wavelengths. The approximate wavelengths of
the absorntion maxima and minima for six families studicd are given
in table 3. The curves for these arcmatic amine families are given
in figures 14 to 18.



8 NACA ARR No. ESEZ7a

The aoffect of methylating the aramatic ring of anilins 1s shown
in figuro i9.

Comparison of Absorption Data with Results of Other Investigations

Absorption data obtalned with other spuctrophotometors of simi-
lar deslgn should be simllar, though nct necosserily ldontical, to
tho data for infiv.dual arcmatic amines given in thls report. Asido
Irom cther facturn that affect the absorntion sypectra, somou of which
huve boun discusaod In provious suctlons of this report, dlffercnces
in the spuctra obtained with othor lnsgtruments may be due to differ-
cncos In the resclutlon of the lnstrunente or difforencrns in the
amount «f stray llgkt (rw.forence 1s). Data for sume of the aminus
obtuined et hle luberatory with o 1.5 meter grating spoctrogreph
geve valuus aboubt & purcunt highser for ths calculated spocific
sxtinctions of tho aminea.

Thoe abgurostion data glven in this report arc comaarced 1n teble 4
with sgoms f tho ruezlis repcrind in ref.ronce 3 for individual aro-
matlc aminos. Tho wavelengths A of the swbsorption maxima end the
corrceponéiap anwcifie mnlocular oxtinetions ¢ are listed.

The detu of Kiingstudt (refsrences 2 and 3) show nlne resclved
bands for anilinw at about 220U A and goven for p-toluidlno in hsxens,
rorse: then were obba.nwd with the spectrophotcmeter at this laboratory
with iscoctano as tho golvent, but show only single browud bands for
¢+ and m-toluidine, whickh agre.s with this inveevigation. It was
frurd in roforunce ¢ that solutimne 2f aniline and p-tcluldine in
watcr. wicohei, andé carbon tetrachlorido had only a single broad
obaorption bund noar 2900 A,

The wuvelongthe of tho absorotlon mexima ruportod by Klingst.dt
ar.: ln oxcollent yreemunt with tho dets obtalnud et tiis laboratory.
The rspults lagbtod 1o ruforuncous 4 and S5 show reveral discrenanclos
with the prosunt data and no resolution ot fine structure was uvident
cven for aniliac in hoxane,

CONCLUTING REMARKS

The absurntlnn gpectra of ths 27 monouryl amines studles wers
difforent for tho twn solvents used, lesoretano und water. Thoe
maximum gpoeific uxtlnetion for an arcmatlic amine 1s loss in water
than 1n lscoctan: and the absorptivn maximum occurs at shortor wuve-
lungths in wator anlutions.
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The pH of water solutions was found to have a pronounced effect
on the absorption spectra of aromatic amlines. The addition of acid
--t0 & neutral- water solution shlfted the abserptlion spectrum of the
amine toward the spectrum of the basic aromatic structure of the
amine. The addition of bass increased the absorption up to & solu-
tion pH of about 9.0, bPeyond which little further effect was noted.

Ultraviolet light produced photochemlcal effects on arcmatic
amines in lsooctane and in water solutions, as evidenced by changes
in the absorptlon spectra. Water solutions of aromatlc amines were
more rapldly affected by light Irradlation than lsooctane solutions.

The absorption spectra of structurally similar aromatic amline
compounds are similar; for any one family, such as the N-alkylanilines
family, the p-alkylanilines femlly, or the N-alkyl-p-toluidine family,
the absorption maxime and minima occur at corresponding wavelengths.
Isomers that result from different positlions of alkyl substitutions
have absorptlon spectra that diff'er In wuvelength pettern.

Absorption data obtained with other spectrophotometers of
similar design should be similar, though not necessarily identlcal,
to the data for individual aromatic amines given in this report.

Alrcraft Englne Reswvarch Laboratory,
Ratlonal Advisory Cammittee for Aeronautics,
Cleveland, Ohio.
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TABLE 1. -~ PHYSICAL PROPERTIES OF AROMATIC AMINES

Boiling range at |Refrac-jDenslty

760 mm tive et 20° ¢

Amine (°c) index {(arems/

20 |ml)
)

Aniline 184.0-184.5 1.5853 |1.0220
N-Methylaniline 195.0-195.0 1.5704 | .9860
N-Ethylanillne 203.0-204.0 1.5538 . 9607
N-Propylaniline 220.5-223.5 1.5425 | ,9448
N-Isopropylanilins 206.5-209.0 1.5404 9374
N-Butylaniline 240.0-240.5 1.5333 .9323
N-tert-Butylaniline €95.0 (16 mm) 1.5270 | .9244
N, N-Dix ~-Dimsthylani line 192.5-193.5 1.5580 . 9564
N ,¥-Dlethylanilino 215.0-217.0 1.5418 . 9347
o-Toluidine 198.5-2C1.5 1.5718 . 9989
m-Toluldine 202.5-203.5 1.5674 . 9893

p-Toluidine bgg 0- 44.4 0 |emmeeeoaemees
o-Ethylaniline 211.0 11.5602 . 9810
p-Ethylaniline 216.0 1.5547 9672
o-Isopropylanilino 219.0-220.0  L.54684 9643
p-Isopropylaniline 225.5-226.5 {1.56%2 9514
B-tert—Butylaniline 896.5- 98.0 (5-6 mm)iT 5%88 9446
N-Methyl-p-toluldinc 209.0-~211.0 11.5570 9610
N-Ethyl-p-toluidinu 217.0-220.0 1.5429 9441
N-Isopropyl-p~toluldine;222.0-223.0 1.5219 0238
2,4-Xylidine 215.0-215.5 1.58001 €751
2,5-Xylidine 216.0 1.55%%5 9725
2,6-Xylidine 216.0-217.0 1.5718 ©r68
Xylidines (technical) |216.0-219.5 1.5621  .6771
N-Methyl-2,4~xylidine |221.0-222.0 1.b552 6532
2,4-Diethylaniline 241.0-242.0 1.5433 v511
Mesldine 8110.0 (15 mm) 1.55C2 | .9615

8pistilled under reduced pressurc.

PMelting range of solid.

National Advisory Commlttee
for Aeronautics
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TABLE 2. - SPECTROPHOTOMETRIC DATA ON o-ETHYLANILINE
IN ISOOCTANE AND IN WATER

Isooctane Water

Wave. |Oo-Ethyleniline concentration|o-Ethylaniline concentration

length (grams/1iter) (grams/liter)
(X) 0.0839 | 0.0498 | _ 0.0505 | 0.05l4
A Extinctions Extinctions

E k | E k E k E k

2500 ! 0.840 |13.15 {0.666 {13.37 | 0.505 |10.00 [O.,508 | 9.88
2550 l 475 7.44 374 7.51 .290 5.74 .289 5.62
2600 .364 | 5,70 .288 | 5.78 .259 | 5.13 .262 | 5.10
2650 .400 6.28 .315 €.32 334 €.61 .340 6.62
2675 . 464 7.26 .564 7.31 597 7.86 .403 7.84
2700 . 559 8.75 437 B8.78 468 9.26 475 9.24
2750 .792 |12.41 622 |12.48 817 |12.21 .629 {12.24
2800 1.0490 |16.27 .812 116.30 .701 113.88 .713 |13.87
2825 ! 1.126 |17.62 .882 |17.70 702 113.90 713 | 13.87
2850 1.180 {18.46 .92€ 118.59 .669 113.24 679 113.20
2875 1.170 |18.31 919 {18 .45 .597 | 11.82 .610 {11.87
2900 | 1,095 {17.14 } .859 |17.25 .494 | 9.78 ,502 | 9.76
2950 .805 |12.60 | .632 |12.68 .289 | 5,72 293 | 5.70
3000 333 5.21 263 5.28 . 145 2.87 146 2.84
3050 075 1.17 . 060 1.20 | ~eevem [ mmmmme] e | meemem
3100 .014 .22 .013 .26 .029 .57 .028 .55
3150 .004 .06 | .008 I - T R (R R R
3200 .003 .05 { .004 .15 .008 .16 .007 14
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TABLE 3. - WAVELENGTHS OF ABSORPTION MAXIMA AND

MINIMA FOR SIX STRUCTURALLY RELATED FAMILIES
OF AROMATIC AMINES '

Solvent
Isococtane Water
Aramptic amine Wavelength [Wavelength
family A A
(4) (4)
Maxi-{Minl~-|{Maxl~{Minl-
mum |(mum {mum |mum
o-Alkylanllines 2860 [2605 |2815 (2585
ggAlkylanilinesa 2880 |2640 {2830 |2615
p-Alkylanilines 2920 |2R70 (2855 2835
N-Alkylanilines 2950 |2700 }2850 {2700
N-Alkyl-p~toluldines}3025 }2745 }2905 12720
2,4-Dialkylanilines |2925 |2650 |2865 |2620

8Data presented are for m-toluidine, only repre-
sentative aminc of this group tested.

TABLE 4. - COMPARTSON OF ABSORPTION MAXTMA WITH
RESULTS OF OTHER INVESTIGATTONS

Source
Reference 3 | NACA
Solvent
Aromatic Hexane Isooctane
emins Wave- |Bpecific |Wave- |Specific
length {molocular !length|molecular
A extinction|{ A extinction
(4) € (a) €
(liters{ (11ters{
mole-cm mole-cm
Aniline 2918 1470 2920 1555
2877 1470 2880 1770
2840 1470 2840 1720
2808 1470 2810 1590
p-Toluldine | 2968 1750 2960 | 1820
2933 1750 2930 1840
2897 1750 2900 1770
o-Toluidine| 2850 1750 2850 2220

National Advioory Committoe
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